Elastic scattering and direct reactions have been studied for the collisions induced by the three Beryllium isotopes 9,10,11 Be, on a medium mass 64 Zn target at energies around the Coulomb barrier. The elastic scattering angular distributions, measured for the three systems at the same center of mass energy, were analyzed within the Optical Model and reaction cross-sections were deduced from optical model calculations. For the 11 Be induced reaction the transfer/break-up angular distribution was also extracted.
Introduction
Elastic scattering and reaction mechanisms in collisions induced by halo nuclei around the Coulomb barrier is a challenging problem in nuclear reaction studies. In fact, in order to proper describe the scattering and the reaction processes accurate description of the projectile halo structure, and the correct coupling to bound and unbound states of the halo nucleus must be considered. Since 6 He beam is nowadays available in different facilities with good intensity, up to 10 7 pps, in a wide range of energies, several experiments have been performed so far using mainly this two neutron halo nucleus on different targets [1] [2] [3] [4] [5] . A common feature observed in the 6 He induced elastic scattering, is a reduction of the cross-section in most of the measured angular range [2, 5] . Consequently to the reduction of the elastic cross-section, the total reaction (TR) crosssection is found to be much larger, a factor of two in some case, than the one observed in reactions induced by the corresponding well bound isotope [1, 2] . Moreover, different papers [1, 2, 6] have evidenced that the TR cross-section in collision induced by 6 He around and below the Coulomb barrier are dominated by direct reaction processes such as transfer and break-up.
Optical Model (OM) calculations [1, 5] have shown that the optical potential of halo and weakly bound nuclei has a long range part due to the coupling to non-elastic channels and that a large diffuseness of the imaginary part of the potential is needed in order to take into account the diffuse structure of the 6 He halo and to describe the data. Continuum Discretized Coupled Channel calculations (CDCC) of the 6 He elastic scattering on different target masses (e.g. [7, 8] ) have been recently published. According to these calculations, the suppression of the rainbow is mostly originated by the coupling to states into the continuum. Besides coupling to bound and unbound states, also coupling to single and two neutron stripping can be of importance in describing the low-energy scattering of a halo nucleus. This has been investigated in [9, 10] and according to the authors it has a significant effect on the elastic scattering of 6 He and should not be neglected. Moreover, coupling effects of break-up or transfer depend upon nuclear structure properties of projectile and/or target as well as break-up thresholds or beam energies. Therefore drawing general conclusions about channel coupling effects on a limited sets of reactions induced by 6 He could be misleading (see [11, 12] ). Moreover, due to the complexity of modelling reactions with the 2n-halo 6 He it would be of great help to have detailed elastic scattering data of 1n-halo systems, such as 11 Be. The only data published so far on elastic scattering and reaction mechanisms around the Coulomb barrier with neutron halo nuclei different than 6 He, concerns the system 11 Be+ 209 Bi [13] . The authors used a fragmentation beam degraded in energy selecting, via a tagging procedure, beam energy bins having a 2 MeV width. The quasi elastic cross-section, which included inelastic excitations up to 2.6 MeV, was measured. The TR cross-section extracted was found to be similar to the one of 9 Be+ 209 Bi, measured by the same group [14] . The authors concluded that the break-up process has comparable strengths in both 9, 11 Be nuclei and that the differences in binding energies and radii of the two Be isotopes do not play an important role. These conclusions are opposite to the ones reached with the 6 He beams by different authors.
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In this contribution we will report results concerning the measurement of elastic scattering angular distributions for the reactions 9, 10, 11 Be+ 64 Zn at the same center of mass energy, E c.m. = 25.4 MeV, performed using for the first time high quality postaccelerated 10, 11 Be beams delivered by the REX-ISOLDE facility (CERN). In the case of the halo 11 Be nucleus the transfer/break-up cross-section has been measured as well.
Experimental Set-up
The experiment with the stable 9 Be beam was performed at Laboratori Nazionali del Sud (LNS) in Catania. The 9 Be beam was delivered by the SMP 14MV Tandem of LNS and was impinging on a 550 m/cm 2 64 Zn. The light charged particles emitted in the reaction have been detected using five E ( 10 m thick) -E ( 150 m thick) Si detector telescopes each consisting of a surface barrier detector. The five telescopes were placed on a rotating arm allowing the measurement of the elastic scattering angular distribution up to 110°. The effective solid angles covered by each detector pixel have been evaluated by using a Monte Carlo simulation code. However, due to the very compact geometry of the detection system, small variations of the beam position onto the target resulted in a large variation of the detector angles. Therefore, polar angle and solid angle determination has been verified by measuring the Rutherford scattering for the 12 
C+
197 Au reaction at E lab = 28 MeV as well as the elastic scattering angular distribution for the collision 10 Be+
197
Au at E lab = 29.4 MeV. With the adopted analysis procedure,
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Results and Discussion
The 9,11 Be + 64 Zn elastic scattering angular distributions at E c.m. = 25.4 MeV are shown in fig. 2 . In the case of 11 Be + 64 Zn the cross-section includes also the 11 Be first excited states. However, according to OM calculations, the contribution of inelastic scattering is very small at all measured angles. From fig. 2 one can clearly see that for 11 Be induced scattering a reduction of the elastic cross-section with respect to the weakly bound 9 Be induced scattering is present both in the rainbow region as well as at large angles. The 9,10,11 Be+ 64 Zn elastic scattering data were analyzed within the OM using the code PTOLEMY [15] . For the 9, 10 Be induced scattering a Wood-Saxon (W-S) form was used to describe the real and the imaginary part of the optical potential. In the 11 Be case, in order to take into account the halo features and the effect of the break-up channel on elastic scattering, a surface term was added to the volume part of the imaginary potential. In [16] , in order to study break-up effects on elastic-scattering induced by 11 Be, the imaginary part of the optical potential due to break-up (i.e. the surface term) was calculated analytically. The calculated surface term, which has an exponential shape, is responsible for peripheral reactions like transfer or break-up. The shape of this term and its parameters depend only on the halo neutron break-up probability. The authors found that the addition of such a surface potential is important for a reduction of the elastic cross-section of the halo 11 Be nucleus. Therefore, following [16] , we used a similar procedure to deduce the optical potential in the case of 11 Be+ 64 Zn. In the present case, all terms of the optical potential are extracted phenomenologically from a fit of the elastic scattering angular distributions. The fit was performed using as the volume part of the real and imaginary W-S potential, the OM parameters obtained from the fit of the elastic scattering of the 10 Be, since it represents the core of the halo 11 Be
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Reaction mechanisms in collisions induced by halo and weakly bound nuclei around the Coulomb barrier V. Scuderi 5 nucleus. The shape of the surface potential is a W-S derivative type. The effect of such term is to reduce the elastic scattering cross-section at all measured angles and in particular we have found that in order to reproduce the behaviour of the elastic crosssection at the rainbow a very large imaginary surface diffuseness parameter, a si = 3.5 fm, must be used. A similar result was also obtained in [16] , where a diffuseness parameter of 3.2 fm was found. The large diffuseness is an evidence that in the case of 11 Be the coupling to break-up states can occur beyond the distance of closest approach, causing the suppression of the elastic cross-section at the rainbow and reflecting the long range of the absorptive surface potential.
Along with the optical potential parameters, the TR cross-sections were extracted. We obtained the following values:  R = 108050 mb for 9 Be and  R = 2250250 mb for 11 Be. Actually, the TR cross-section for the 11 Be case is double than the one extracted for the 9 Be case. In order to better understand the contribution due to direct processes to the large TR cross-section observed in the 11 Be induced collision the transfer and break-up events were also analyzed. The corresponding cross-section is  trans/b-up =1100150 mb. Therefore, by comparing this cross-section with the TR crosssection, deduced from the fit on the 11 Be scattering data, almost 50% of the TR crosssection is associated to transfer and break-up processes. These results are in general agreement with the results obtained with 6 He beam (e.g. [1, 2] ) but disagree with the previously published data of 11 Be [13] .
